Abstract. Two fish cestodes, the little-known Eubothrium fragile (Rudolphi, 1802) and E. rugosum (Batsch, 1786), the type species of the genus Eubothrium Nybelin, 1922, are redescribed on the basis of new material from twaite shad, Alosa fallax (Lacépède, 1803), from England and burbot, Lota lota (Linnaeus, 1758), from Russia, respectively. The tapeworms are compared with two other species of the genus, E. crassum (Bloch, 1779) and E. salvelini (Schrank, 1790), common parasites of salmonid fish in the Holarctic. The most notable differential characters are the size and the shape of the scolex (smaller and oval in E. fragile), the shape of the apical disc (four or more indentations in E. crassum), the number and size of the testes (the largest and least numerous in E. rugosum), and the position and size of the vitelline follicles (almost entirely cortical in distribution in E. fragile and E. crassum versus largely medullary in E. rugosum and E. salvelini). A comparison of species has also shown the morphological similarity of the freshwater species (E. rugosum and E. salvelini) on one hand and those of marine origin, E. fragile and E. crassum, on the other, with the latter species occurring also in fresh waters. A key to the identification of the species studied is also provided.
Cestodes of the genus Eubothrium Nybelin, 1922 are common parasites of marine and freshwater fishes with a circumpolar distribution. The genus contains 10 species considered to be valid (Schmidt 1986) , but most of them are insufficiently known (Andersen and Kennedy 1983) . Descriptions of most species are based on an excellent, but outdated morphological study by Nybelin (1922) , in which intraspecific variability was not considered. Together with the uniformity of Eubothrium tapeworms (Andersen and Kennedy 1983) , the shortage of detailed morphological descriptions of individual taxa makes it difficult to identify species of Eubothrium merely on morphological grounds. The spectrum of fish definitive hosts has often been used as the most important criterion for species differentiation. This has caused many misidentifications, especially among species of Eubothrium collected from salmonid hosts, such as Pacific salmon (Oncorhynchus spp.), charr (Salvelinus alpinus) and whitefish (Coregonus spp.) (Scholz et al. 2003) .
In this paper, new information relating to the morphology and morphometric measurement of a littleknown species, E. fragile, and the type species of the genus, E. rugosum, is provided to facilitate their identification and differentiation from the two most frequently encountered species, E. crassum and E. salvelini, which have recently been characterised by Hanzelová et al. (2002) . In addition, the morphology of these species is compared and commented on with emphasis on the relationships among freshwater and marine species of Eubothrium.
MATERIALS AND METHODS
The present study was based on morphological and biometrical evaluation of freshly-collected specimens as well as on material deposited in museum collections. The material investigated included the following specimens: Eubothrium fragile (i) 15 fresh specimens collected by one of the authors (A.P.S.) from spawning twaite shad (Alosa fallax (Lacepède, 1803) ) from the River Severn, England, UK, in May 2002 and in June 2003. Voucher specimens have been deposited in the helminthological collection of the Institute of Parasitology, AS CR, České Budějovice, Czech Republic (IPCAS C-398), The Natural History Museum, London, UK (BMNH No. 2005. 7 .29.1-2) and the U.S. National Parasite Collection, Beltsville, USA (USNPC 96982);
(ii) specimens collected by D. Whittaker from A. fallax, Scarborough, England, UK, in November 1979 (cross-sections only) (BMNH 1979.1.12.63-65) . FOLIA PARASITOLOGICA 52: 251-260, 2005 During the search for museum specimens of E. fragile, it was found that the type material of this cestode, originally deposited in the Natural History Museum in Berlin (NHMB), had been lost (Hartwich and Kilias 1992) . In order to enable comparative studies on E. fragile in the future, a specimen from the type host, Alosa fallax, from the River Severn, collected by A.P. Shinn in June 2003, was designated as the neotype. The slide has been deposited in the Natural History Museum in Berlin, Germany (NHMB No. 7400), where Rudolphi's types of Taenia fragilis (= E. fragile) were originally stored. Eubothrium rugosum (i) 40 fresh specimens collected by three of the authors (L.G.P., R.K., and T.S.) from burbot, Lota lota (Linnaeus, 1758) , from the Rybinsk water reservoir, Yaroslavl District, Russia, in January 2001 and 2002 and in June 2004 (IPCAS C-327, BMNH 2005 ;
(ii) two specimens collected by K. Andersen from L. lota in Norway (IPCAS C-327);
(iii) two specimens collected by R. Hakala and P. Rintamäki from L. lota from Kuusamon, Kitkajärvi, Finland, August 1981 (BMNH 1981 ; (iv) two specimens collected by A. von Linstow from L. lota, from an unknown locality in Germany (NHMB 5005);
(v) one specimen collected by P.M. Muzzall (see Muzzall et al. 2003 ) from L. lota, Lake Huron, Michigan, USA, July 1999 (USNPC 92404); (vi) one specimen collected by R.R. Gruley from Lake Erie, North America, in 1895 (USNPC 39800).
In addition, one immature cestode collected from an alewife Alosa pseudoharengus (Wilson, 1811) from Lake Michigan, Michigan, USA, 1990 (USNPC 83230), identified as E. salvelini (see Muzzall 1994) , was also studied.
Specimens collected by the present authors were fixed with hot 4% formaldehyde. This fixation has been proven suitable for comparative morphological, biometrical and scanning electron microscopical (SEM) based studies on a number of fish cestode genera (see , de Chambrier and Vaucher 1999 , Hanzelová et al. 2002 . The tapeworms were then stained with Mayer's carmine, dehydrated through an ethanol series and then mounted in Canada balsam as permanent preparations. Cross and longitudinal 12 µm thick sections were prepared using a standard histological procedure of staining with haematoxylin-eosin and then mounting in Canada balsam. Several scoleces were prepared for SEM study using the methodology outlined by ; measurements were taken as described by Hanzelová et al. (2002) . (Rudolphi, 1802 ) Nybelin, 1922 Figs. 1A, B, F, 2A, C, 3C, D, F, Table 1 Synonyms (according to Protasova 1977) Scolex small, up to 550 µm long, almost spherical, slightly flattened dorsoventrally (Figs. 1A, B, 3C, D) . Apical disc small, inconspicuous, bilobed, bilaterally symmetrical, with two weakly developed grooves on dorsal and ventral surfaces (Figs. 1A, 3F ). Bothria oval, shallow, with massive walls (Figs. 1A, 3C, F). Neck short and wide (Fig. 1A, B) .
RESULTS

Eubothrium fragile
Testes medullary, spherical, small and numerous, forming two fields connected in postovarian space by a single row of testes, absent in ovarian and cirrus-sac space (Figs. 1F, 2A ). Cirrus-sac relatively small, oval to elongate, reaching beyond poral nerve cord ( Genital atrium lateral, alternating irregularly, usually pre-equatorial to equatorial (Fig. 1F ). Ovary median, bean-or kidney-shaped (also in cross-sections), slightly lobed, with larger aporal lobe (Figs. 1F, 2A). In mature proglottids, ovary more anterior than in gravid proglottids. Vagina tubular, crossing ovarian isthmus dorsally, then bends laterally to open into genital atrium, anterior to cirrus-sac; distal (terminal) part of vagina enlarged near genital atrium (Fig. 1F ). Vitelline follicles numerous, oval, very small, forming single band surrounding reproductive organs, present along median line of body; follicles largely cortical, with only few entering among inner longitudinal muscle bundles (Figs. 1F, 2A, C).
Uterine duct curved, filled with eggs in gravid proglottids. Uterine sac anterior, elongate, thick-walled, extending anteriorly from mid-ventral uterine pore to anterior margin of proglottid (Fig. 1F ). In first gravid proglottids, eggs fill uterine duct only. In more developed gravid proglottids, uterine duct and uterine sac filled with eggs, occupy most space anterior to ovary; uterine sac short and wide. Eggs unoperculate, embryonated when laid.
T y p e h o s t : Alosa fallax (Lacépède, 1803) (Clupeiformes: Clupeidae).
O t h e r h o s t : Alosa alosa (Linnaeus, 1758) (Clupeiformes: Clupeidae) (see Remarks).
G e o g r a p h i c a l d i s t r i b u t i o n : Europe -Baltic Sea (Germany, Sweden), Bristol Channel (England), North Sea (England).
R e f e r e n c e s : Nybelin (1922 ), Fischer (1955 , Kennedy (1978b Kennedy ( , 1981 . Remarks. The species was described by Rudolphi (1802) as Taenia fragilis and then transferred to several genera by different authors (see list of synonyms), before finally being placed within the genus Eubothrium by Nybelin (1922) . This author provided a fairly detailed morphological description of E. fragile based on specimens from Alosa fallax from Sweden, but many crucial morphological characters and measurements were omitted. Kennedy (1981) provided data on the biology and ecology of the species. Andersen and Kennedy (1983) presented a brief account of the species with scanning electron micrographs of the scolex, but only a few new morphological data were provided. The present study provides more details of the morphology and measurements of E. fragile, including the first report of the measurements of several structures and organs, including the size of the eggs (Table 1) .
Eubothrium fragile is a specific parasite of shad (Alosa spp.), but previous records from hosts other than twaite shad (A. fallax) should be revised. Kennedy (1981) questioned the findings of E. fragile in A. alosa reported by Joyeux and Baer (1936) . Muzzall (1994) found cestodes identified as "Eubothrium salvelini" in Alosa pseudoharengus from Lake Michigan in Canada. However, based on the material examined in the current study (one immature specimen -USNPC 83230), it cannot be ruled out that this tapeworm may be E. fragile.
Recent records of E. fragile originate only from the western and northern parts of Europe (Baltic and North Seas, Bristol Channel). It seems to be absent in Russia (in both its European and Asian parts) and from North America (Protasova 1977 , Margolis and Arthur 1979 , Dubinina 1987 , Hoffman 1999 .
Eubothrium clupeonellae Dogiel et Bychowsky, 1938 was described from another clupeiform fish, Clupeonella delicatula [= C. cultriventris (Nordmann, 1840) ] from the Caspian Sea. Andersen and Kennedy (1983) considered this species to be a possible synonym of E. fragile, considering the similarity of their fish hosts. The original description of E. clupeonellae is very brief, superficial and is supplemented with very schematic illustrations (Dogiel and Bychowsky 1938) . Nevertheless, it clearly demonstrates that this species differs from E. fragile by possessing a markedly different shaped and sized scolex. In its general morphology, E. clupeonellae resembles E. acipenserinum Cholodkovsky, 1918, described from sturgeon in the Caspian Sea, rather than E. fragile. Protasova (1977) considered E. clupeonellae to be a species inquirenda. Like E. crassum, E. fragile is most probably of marine origin (Andersen and Kennedy 1983), but it can survive residence in freshwater for short periods during spawning of the host (Kennedy 1981 Description (based on 17 specimens from Lota lota from the Rybinsk water reservoir, Russia; measurements given in Table 1 ): Adult tapeworms up to 50 cm long, with markedly craspedote proglottids, wider than long (Fig. 1E) . Secondary segmentation present.
Scolex of medium size, elongate; apical disc prominent, bilobed, convex, with only shallow indentations on dorsal and ventral surfaces above bothria (Figs. 1C, D,  3A , B, E). Bothria elongate, shallow, with massive walls (Figs. 1C, 3A, E) . Neck short, narrow (Fig. 1C, D) .
Testes medullary, spherical, large, not numerous, forming two fields connected in post-ovarian space by single row of testes, absent around ovary and cirrus-sac (Fig. 1E) . Cirrus-sac relatively small, oval to elongate, not reaching poral nerve cord, opens with vagina into shallow genital atrium (Figs. 1E, 2B ). Vas deferens (sperm duct) weakly coiled at its proximal end (Fig.  1E ). Main lateral longitudinal nerve cords difficult to see (Fig. 2B) .
Genital atrium lateral, irregularly alternating, preequatorial to slightly post-equatorial (Fig. 1E) . Ovary bilobed or bean-shaped, also in cross-sections (Fig. 1E,  2B ), slightly asymmetrical, with larger aporal lobe, slightly lobulate laterally, median in position. Width of ovary represents about one-quarter of proglottid width. Vagina tubular, crosses ovarian isthmus dorsally, then bends laterally to open anterior to cirrus-sac into genital atrium; distal (lateral) part of vagina enlarged near genital atrium. Vitelline follicles medullary, with some follicles entering between inner muscles bundles (Fig. 2B,  D) ; follicles not numerous, relatively large, irregular in shape, grouped together, forming two well-separated lateral fields, absent medially (Fig. 2B) .
Uterine duct curved, filled with eggs in gravid proglottids. Uterine sac anterior, elongate, thick-walled, extending anteriorly from mid-ventral uterine pore to anterior margin of proglottids (Fig. 1E) . In first gravid proglottids, eggs filling uterine duct only; in more developed gravid proglottids, uterine duct and uterine sac filled with eggs and occupying most space anterior to ovary. Eggs unoperculate, embryonated, relatively large (Table 1) .
T y p e h o s t : Lota lota (Linnaeus, 1758) (Gadiformes: Gadidae). G e o g r a p h i c a l d i s t r i b u t i o n : Europe (Finland,
Germany, Norway, Poland, Sweden, Russia -St Petersburg Region, Karelia, Volga River basin), Asia (Russia -basins of Pechora, Ob, Yenisei and Lena Rivers), North America (Canada, USA). R e f e r e n c e s : Cooper (1918 -as Abothrium crassum), Nybelin (1922 ), Zandt (1924 , Wardle (1932 Wardle ( , 1933 , Kuitunen-Ekbaum (1933) , Rawson (1957) , Bangham and Adams (1954) , Engelbrecht (1956 -as Bothriocephalus claviceps) , Kozicka (1959) , Dechtiar (1972) , Kuperman (1974) , Mudry and Anderson (1977) , Margolis and Arthur (1979) , Leong and Holmes (1981) , Andersen and Kennedy (1983), McAllister and Mudry (1983) , Pugachev (1984) , Turovskij (1985) , Wierzbicka and Sobecka (1985) , Dubinina (1987) , Dechtiar and Lawrie (1988) , , Dorovskikh (2000) , Muzzall et al. (2003) , Poddubnaya (2003) .
Remarks. The species was first reported by Goeze (1782) under the name "Der runzlichter Fischbandwurm", but its first description was provided by Batsch (1786) who named it Taenia rugosa. Thereafter, this species was transferred to several genera, namely Bothriocephalus, Dibothrium and Abothrium (see list of synonyms). Nybelin (1922) , who established the genus Eubothrium, designated Taenia rugosa as its type species.
On the basis of the scolex morphology, Wardle (1932) and Kuitunen-Ekbaum (1933) proposed two forms (varieties) of E. rugosum, E. rugosum var. conformatus with a typical scolex and E. rugosum var. deformatus with the scolex lacking bothria and an apical disc. However, certain authors did not accept these forms, because they differed only in the shape of the scolex McLeod 1952, Schmidt 1986 ). Andersen and Kennedy (1983) , however, did recognise both forms and distinguished them not only by the shape of the scolex but also by differences in the shape and size of the cirrus-sac and the organisation of the inner muscle bundles.
The present data on the morphology and measurements of E. rugosum correspond more or less with those reported by previous authors, in particular by Nybelin (1922) and Protasova (1977) . The most marked differences, however, are in the diameter of the testes and in the length and width of the eggs (Table 1; Nybelin 1922 , Protasova 1977 . Several characters, including the number of testes, the length/width ratio and relative length of the cirrus-sac, are provided for the first time (Table 1) .
Eubothrium rugosum is a relatively common, specific parasite of Lota lota. It occurs in northern Europe, Asia and North America. It is probably of freshwater origin, as is E. salvelini that parasitizes charr (Salvelinus spp.) and Pacific salmon (Oncorhynchus spp.) in the Holarctic region (Andersen and Kennedy 1983 , Scholz et al. 2003 .
Planktonic copepods, such as Cyclops strenuus Fischer, 1851, C. vicinus Uljanin, 1875, Microcyclops bicolor (Sars, 1863) and M. varicans (Sars, 1863), serve as intermediate hosts, whereas the ruffe, Gymnocephalus cernuus (Linnaeus, 1758) , is a paratenic host of E. rugosum (Kuperman 1974) .
DISCUSSION
Eubothrium is of particular interest for parasitologists and fishery biologists in that some species are marine, others freshwater and one species, E. crassum, inhabits both water habitats (Kennedy 1978a, b) . Species identification has presented difficulties due to their general morphological uniformity and a limited number of species-specific characters (Nybelin 1922 , Kennedy 1978a , b, Andersen and Kennedy 1983 . Some taxa occurring in a wide spectrum of fish hosts, such as E. crassum, exhibit a high degree of intraspecific variability, especially among populations from different hosts (Andersen and Kennedy 1983) . The other difficulty stems from the low quality of most specimens of Eubothrium that have been deposited in collections (Hanzelová et al. 2002 , Scholz et al. 2003 . Nybelin (1922) provided an excellent description of Eubothrium tapeworms and differentiated individual species on the basis of the size and shape of the scolex, the size of the cirrus-sac, the confluence of testicular fields between adjacent proglottids, the position of the vitelline follicles in relation to the longitudinal muscle bundles, and the spectrum of fish hosts used. However, Kennedy (1978a, b) and Andersen and Kennedy (1983) questioned the suitability of certain characters for identification of species, especially the shape and size of the scolex.
The present data support some of Nybelin's (1922) conclusions and the results of recent studies, based on comparable material of four species of Eubothrium (Hanzelová et al. 2002 , Scholz et al. 2003 , Šnábel et al. 2004 . The measurements of the scolex and its shape may help to distinguish individual Eubothrium species. This seems to be valid even for the morphologically variable species such as E. crassum. Specimens of this species from marine hosts are markedly larger than those from freshwater hosts (Andersen and Kennedy 1983) . Morphological variability, however, is not reflected in the genetic structure of E. crassum (isoenzyme patterns and sequences of the ITS rRNA genes) of freshwater and marine populations (Kráľová et al. 2000 , 2001 , Kráľová-Hromadová et al. 2003 , Šnábel et al. 2004 .
Andersen and Kennedy (1983) considered strobilar characters to be unsuitable for species differentiation due to their variability among different host and geographic populations. Overlaps in the measurements of many strobilar characters between Eubothrium species have also been demonstrated by the present authors and by Hanzelová et al. (2002 Hanzelová et al. ( , 2005 . Nevertheless, some characters, such as the size, shape and position of the vitelline follicles, and the number and size of the testes, appear to be rather stable and suitable for species differentiation (Table 1) .
On the contrary, the size of the cirrus-sac, previously used as a differential character (Nybelin 1922, Andersen and Kennedy 1983) , is not suitable for species identification because its values overlap between species (Hanzelová et al. 2002 , this study - Table 1) .
Based on the position of the vitelline follicles in relation to the inner longitudinal musculature, Eubothrium species can be divided into three groups. Marine species (E. crassum, E. fragile, E. parvum Nybelin, 1922 , E. vittevitellatus Mamaev, 1968 ) have most of their vitelline follicles distributed cortically, whereas those species living primarily in freshwater hosts (E. salvelini, E. rugosum, E. tulipai Ching et Andersen, 1983 ) have follicles in the medulla (Nybelin 1922 , Kennedy 1978a , b, Andersen and Kennedy 1983 , Ching and Andersen 1983 , the present study). Eubothrium acipenserinum, specific to sturgeon in the Caspian Sea, represents an intermediate form with paramuscular vitellaria, i.e. vitelline follicles between the muscle bundles. However, Considering the difficulties that have been encountered in identifying various Eubothrium cestodes collected from various fish hosts in Europe, a simple key is *Ratio of cirrus-sac length to proglottid width (in %). **Area = length × width.
provided for the four species of the genus that have been recently redescribed on the basis of morphological, biometrical and genetic evaluations of new material and museum specimens.
Key to the identification
